| INTRODUCTION
Hormones are signalling molecules that have been extensively studied for their roles in development, metabolism, regulation, and mineralization of various tissues. [1] [2] [3] Two of these hormones, oestrogen and growth hormone, have important multifunctional roles in many tissues during embryonic development 4 and puberty, 5, 6 acting in both genders. 6, 7 Oestrogen activation requires oestrogen receptors (ERs). Oestrogen receptors alpha (ERα) and beta (ERβ) are ligand-dependent nuclear transcription factors. 8 The growth hormone binds the GHR that is its receptor. This activates an intracellular signal transduction. 9 The role of oestrogen in dental caries has been studied in animal models. [10] [11] [12] Similar models have shown growth hormone deficiency as associated with caries resistance. 13 More recent studies have demonstrated that the receptors of these hormones are expressed during amelogenesis, and ERα [14] [15] [16] and GHR have been identified in enamel formation in rats. 17 Therefore, it is possible that genetic variations in ESR1, which is the gene that codifies ERα, and in GHR are involved in caries susceptibility and developmental defects of enamel (DDE). The purpose of this study was to evaluate whether genetic polymorphisms in ESR1 and GHR are associated with caries experience and DDE in children.
2 | METHODS
| Studied population
This study was approved by the Human Ethics Committee of Amazon State University-Brazil (923.569). Informed written consent was given by the guardians and/or parents. Age-appropriate assent documents were used for all children.
The study included 216 biologically unrelated children of both genders, with no syndrome or systemic illness, ranging in age from 9 to 12 years. These children were from Manaus public schools, Amazonas, Brazil. Manaus is the capital of the state of Amazonas, located in the North region of Brazil. Amazonas state is situated in the middle of the Brazilian Amazon rainforest with a total population of 2 130 264 inhabitants. The inhabitants of Manaus are primarily of European and Amerindian ancestry.
| Determination of caries experience and developmental defects of enamel
Three experienced paediatric dentists were trained and calibrated (Kappa > 0.8) to evaluate caries experience and developmental defects of enamel. Examinations of dental status were performed within the school environment with subjects seated in chairs under artificial lighting. After a professional oral cleaning with a toothbrush, a spatula was used as the examination instrument. The modified World Health Organization protocol for oral health surveys (WHO, 2013) 18 was used to diagnose caries lesions in both primary and permanent teeth. The dmft and DMFT indices (decayed, missing due to caries, and filled teeth) were used. Children were classified and grouped according to their caries experience into "caries-free" or "caries-affected" categories. Developmental defects of enamel were diagnosed using the modified DDE index of the FDI World Dental Federation Recommendation (FDI, 1989) for primary and permanent teeth.
19 DDE children were defined as a subject with at least one tooth with "DDE phenotype" (excluding cases associated with dental trauma of the primary predecessor tooth), whereas unaffected individuals were defined as children "with no evidence of DDE" (including no evidence of dental fluorosis).
| DNA extraction and genotyping
Stimulated saliva samples were collected from all children and stored in a −20°C ultralow temperature freezer until the DNA extraction. Genomic DNA for genotype analysis was extracted from cells isolated from saliva as previously described by Küchler et al. 20 Six genetic polymorphisms in ESR1 and GHR genes were evaluated. Table 1 presents the characteristics of the studied genetic polymorphisms. Genotyping was blinded and performed by polymerase chain reactions (PCRs) using endpoint analysis and TaqMan chemistry 21 with a real-time PCR system (Applied Biosystems ® Prism QuantStudio 6
Flex PCR System, Thermo Fisher Scientific, Foster City, CA, USA). The probes and the master mix were from Applied Biosystems (Foster City, CA, USA).
| Statistical analyses
The data were analysed using the PLINK software (version 1.03 http://pngu.mgh.harvard.edu/~purcell/plink/). Chisquare or Fisher's exact tests and odds ratio calculations 
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with respective 95% confidence intervals (CI) were used to compare genotype and allele distributions between "cariesaffected" and "caries-free" and between "DDE-affected" and "DDE-unaffected." A multivariate analysis was used to evaluate the association between the genetic polymorphisms and caries adjusting by DDE. The established alpha was 5%. Hardy-Weinberg equilibrium was calculated with the chi-square test for each polymorphism.
| RESULTS
Among 216 included children, 108 (50%) were boys and 108 (50%) were girls. Eighty-seven (40.3%) children were in mixed dentition, and 129 (59.7%) were in permanent dentition. The characteristics of the sample are presented in The genetic polymorphisms were in Hardy-Weinberg equilibrium (data not shown). Table 3 presents the genotype and allele distributions between "caries-free" and "caries-affected" groups. Genotype and allele distributions were not associated with caries experience (P > 0.05). Table 4 presents the genotype and allele distributions between the presence and absence of DDE. Genotype and allele distributions between the groups were statistically significant in difference for the polymorphism rs12154178 in ESR1 (P = 0.01 and P = 0.001, respectively, OR = 3.73, 95% CI 1.56-8.91). For the GHR gene, the polymorphism rs1509460 was also associated with DDE in both the genotypic and allelic analyses (P = 0.05 and P = 0.02, respectively, OR = 1.83, 95% CI 1.07-3.11). Table 5 presents the results of the multivariate analyses for caries adjusted by the DDE. There was no association between the studied genetic polymorphisms and caries (P > 0.05) nor association between DDE and caries (P > 0.05).
| DISCUSSION
Dental enamel is the hardest tissue in the human body, containing the highest proportion of minerals. Its mineralization, through the ameloblast cells, involves several key genes and results from the sequential passage of many mineral ions across cell and fluid barriers. 22 More than a hundred genes have been identified as expressed during different stages of the amelogenesis (http://bite-it.helsinki.f i/), which includes genes that codify androgen receptors and other growth hormone receptors. 17 These studies have been focusing on the evaluation of rat and mice enamel formation; however, their results give us a valuable tool to identify candidate genes to explore what could be involved in caries aetiology and in DDE aetiology in humans. Many physiological processes in mammals are influenced by oestrogens, which include, but are not limited to, reproduction. 23 During enamel formation, oestrogen has an important role in influencing the process of enamel and dentin mineralization. In an animal model with oestrogen deficiency, it was demonstrated that the enamel microhardness was significantly reduced. 24 Our results in humans demonstrated that the genetic polymorphism rs12154178 in ERS1 was associated with DDE, but not with caries experience. DDE are characterized as a deficient or no enamel formation of teeth. 25 The enamel is composed by a mix of cells. Among these cells are the ameloblasts that are primarily responsible for forming and mineralizing the enamel and also produce a monolayer that is in direct contact with the forming enamel surface. 26 Alterations in ameloblast function could lead to DDE. In fact, a recent study performed by Jedeon et al 16 proposed that ERα is involved in early events and cell proliferation during the amelogenesis, and disruption in ERα may lead to enamel morphogenetic defects observed in humans DDE. Another interesting result was the association between the genetic polymorphism rs1509460 in GHR and DDE. A study performed using rat embryos used immunohistochemistry to study GHR in 13-day-old embryos to the E19 rat foetus in the developing incisor and molar. 17 The authors observed that both inner and outer enamel epithelium were positive for GHR in the bell stage. Differentiating ameloblasts, odontoblasts, and the secretory ameloblasts and odontoblasts continued to express GHR in incisors, leading the authors to conclude that growth hormones play a role in tooth development. This could be explained by the fact that GHR regulates the epithelialmesenchymal interactions that influence events in growth and cytodifferentiation. The results observed in our present study in humans support the fact that polymorphisms in GHR could affect the enamel. Although oestrogen and growth hormones have been associated with the variation of individual caries susceptibility, 13 our study does not support the hypothesis that polymorphisms in the genes that codify their receptor are associated with caries experience in children. These results lead us to raise some hypothesis. It is possible that these hormones play a role in caries susceptibility, but not their receptors. It is also possible that other genetic polymorphisms in ESR1 and GHR are involved in caries susceptibility. Another possibility is related to the fact that caries is a preventable condition. 27, 28 Although genes involved in DDE would be indirectly associated with the increased risk for caries due to the fact that DDE increases the risk for caries, 29, 30 this association was not observed here. This was probably due to the other modifying factors that are involved in caries susceptibility. Also, the genetic heterogeneity of the Brazilian population from this region, and the fact that we did not evaluate the serum hormone levels, could be a limitation of the present study. Some genetic markers for multifactorial conditions differ according to the population ethnicity. In fact, only a borderline association was observed for the polymorphism rs2973015 in GHR and caries in the multivariate analysis (P = 0.062); therefore, it is also possible that further analysis in different populations will identify genetic polymorphism as associated with caries.
| CONCLUSION
The polymorphism rs12154178 in ESR1 gene and the polymorphism rs1509460 in GHR gene might be associated with DDE. ESR1 and GHR, however, might not be associated with caries experience.
